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Abstract 

We study some non leptonic and semileptonic decays of B s meson into a final scalar meson 
/o(980) in the fourth quark generation model. Since the /o(980) meson is dominantly composed 
of (ss) pair, the mixing induced CP asymmetry in the decay mode B s — > J '/ipj b(980) would a 
priori give sin2/3 s , where /3 S is the B s — B s mixing phase. In the standard model this asymmetry 
is expected to be vanishingly small. We find that in the fourth generation model a large mixing 
induced CP asymmetry could be possible for this process. Similarly the branching ratios of the rare 
semileptonic decays B s — > /q(980)Z + ^ and B s — > /g(980)^ are found to be enhanced significantly 
from their corresponding standard model values. 

PACS numbers: 13.25.Hw, 13.20.He, 12.60.-i, 11.30.Er 
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I. INTRODUCTION 



Although the standard model (SM) of electroweak interaction has been very successful 
in explaining the observed experimental data so far, but still it is believed that it is a 
low energy manifestation of some more fundamental theory, whose true nature is not yet 
known. Therefore, intensive search for physics beyond the SM is now being performed in 
various areas of particle physics. In this context, the rare B decays mediated through flavor 
changing neutral current (FCNC) transitions provide an excellent testing ground to look 
for new physics. In the SM, these transitions occur at the one-loop level and are highly 
suppressed. Hence, they are very sensitive to any new physics contributions. 

The spectacular performance of the two asymmetric B factories Belle and Babar provided 
us an unique opportunity to understand the origin of CP violation in a very precise way. 
Although, the results from the B factories do not provide us any clear evidence of new 
physics, but there are few cases observed in the last few years, which have 2-3 a deviations 
from their corresponding SM expectations l). For example, the difference between the direct 
CP asymmetry parameters between B~ — > tt°K~ and B° — > tt + K~, which is expected to 
be negligibly small in the SM, but found to be nearly 15%. The measurement of mixing- 
induced CP asymmetry in several b — > s penguin decays is not found to be same as that of 
Bd — > J/ipK s . Recently, a very largish CP asymmetry has been observed by the CDF and 
DO collaborations 0, y] in the tagged analysis of B s — > J/ipcj) with value G [0.24, 1.36]. 
Within the SM this asymmetry is expected to be vanishingly small, which basically comes 
from B s — B s mixing_phase. A further effect has recently been observed in the exclusive decay 
Bd — > K*°n + n~ {4,5], the forward-backward asymmetry is found to deviate somewhat from 
the predictions of the SM. Although this disagreement is not statistically significant, the Belle 
experiment [6j claims this result as a clear indication of new physics. The upcoming Super-B 
factories and the LHCb experiments are expected to make many important measurements 
in b quark decays. These measurements may in turn reveal the presence of new physics in 
the 6-sector. 

In this paper, we intend to study some decays of B s meson involving a scalar meson 
/o(980) in the final state, such as B s ->• J/ipf {980), B s ->• / Q (980)i+r and B s ->- f {980)uu. 
These modes are particularly interesting because of several reasons. First, as particle physics 
is entering the era of LHC, B s physics has attracted significant attention in recent times and 
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hence it could play a dominant role to corroborate the results of the B u ^ mesons and also to 
look for new physics signature. Secondly, the structure of the scalar meson /o(980) is not yet 
well understood. Therefore, the experimental observations of these modes would provide us 
a better understanding of the nature of the scalar mesons. We intend to analyze these decay 
channels both in the SM and in the fourth quark generation model, usually known as SM4 
Q. SM4 is a simple extension of the standard model with three generations (SM3) with the 
additional up-type (£') and down-type (d') quarks, which basically retains all the properties 
of the SM3. The fourth generation model has received a renewed interest in the recent years 
and it has been shown in Refs. js-10], that the addition of a fourth family of quarks with 
m t i in the range (400-600) GeV provides a simple explanation for the several deviations that 
have been observed involving CP asymmetries in the B, B s decays. Furthermore, the fourth 
generation could also help to explain the observed baryon asymmetry of the Universe 11]. 



The paper is organized as follows. In section II we discuss the nonleptonic decay process 
B s J/V>/ (980). The semileptonic decays B s / (980)/ + /~ and B s /„(980)i/P are 
discussed in section III and the results are summarized in section IV. 



II. B s -> J/^/o(980) PROCESS 



In this section we will discuss the nonleptonic decay mode B s — > J/ipf (980). Before 
proceeding for the analysis, first we would like to briefly discuss about the structure of the 
scalar meson / (980). The light scalar mesons with masses below 1 GeV is considered as 
a controversial issue for a long time. Even today, there exists no consensus on the nature 
of the /o(980) and ao(980) mesons. While the low-energy hadron phenomenology has been 
successfully understood in terms of the constituent quark model, the scalar mesons are still 
puzzling and the quark composition of the light scalar mesons are not understood with 
certainty. The structure of the scalar meson / (980) has been discussed for decades but still 
it is not clear. There were attempts to interpret it as KK molecular states |lj| , four quark 



states 



13j and normal q q st ates [141 ] . However, recent studies of (j) — > 7/0 (/o — ► 77) |15l 



and .D+ — > f 7i + decays 



171 ] favor the qq model. Since / (980) is produced copiously in D s 



decays, this supports the picture of large ss component in its wave function, as the dominant 
mechanism in the D s decay is c — > s transition. The prominent ss nature of /o(980) has been 
supported by the radiative decay <fi — > fo (980)7 18-1 • However, there are some experimental 
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evidences indicating that /o(980) is not a pure ss state. For example, the same order of 
measured branching ratios of the processes J/ip — > /o(98O)0 and J/ip — > fo(980)u clearly 



indicate that /o(980) contains both strange and non-strange quark content 19]. Thus, 

the structure of /o(980) is usually viewed as a mixture of ss and nn (= (uu + dd)/V2) 
components, i.e., 

|/o(980)> = \ss)cos6 + \nn) sine , (1) 

where 9 is the fo — o mixing angle, whose value is not yet precisely known. As discussed 
in Ref. [ij]], its value can be extracted from the decay rates J/ip — > /o(98O)0 and J/ip — > 
/o(980)w as 

B r (J/^/ (980 W 1 

Br(J/^ /o(980)w) A V ; 

From the measured branching ratios of these decay modes, it is found that 

# = (34 ±6)°, or #=(146 ±6)°. (3) 

However, it should be noted that only ss component of /o(980) will give nonzero contribution 
to the B s —7- J/ipfo process as the spectator quark in the tree and penguin topologies of B s 
decays is a strange quark. Thus, the decay channel B s — > J /ipf o(980) involves the quark 
level transition b — > ccs, as in the case of B s — > J /ip4> and hence, the CP violating phase j3 s 
can also be extracted from this channel. 

In the -B, sector, 5, — > J/ibd is considered as the golden mode to investigate CP violation. 

nn 

The CDF and DO collaborations |2|, 13[ have obtained the value of B s mixing parameter 

cf) s = —2f3 s much larger than expected in the SM, modulo a large experimental uncertainty. 

Hence, it is of prime importance to consider other processes to measure fi a and in this 

context B s — > J /ipfo decay mode could provide an alternate option to confirm the presence 

of new physics in the B s — B s mixing phenomenon. Furthermore, the advantage of the 

mode B s — > J /ipfo over B s — > J/ipcj) mode is that since the final state is a CP eigenstate, 

no angular analysis is required to disentangle the various CP components as needed for 

B s — > J/ip(j). The reconstruction of fo seems to be feasible, since fo essentially decays into 

2tt systems. A first qualitative attempt to predict the ratio, 

T(B° S -> JA/;/ (980),/ (980) -> n+n') 
/o/ * T(B° a -> J/#,^ K+K-) ' 1 ] 



was made by Stone and Jhang [20j and was found to be of the order of (20 — 30)%. Recently, 



this ratio has been measured by the LHCb collaboration [21(. Using a fit to the tt + tt mass 



spectrum they obtained 



D _ T ( B s -» J/4>fo,fo -» g+TT ) _ n 9 , 9 +0.046+0.027 



(5) 



Furthermore, the Belle Collaboration 
J /ifjf o(98Q) with the branching ratio 



22J has also reported the observation of B s — > 



Bi(B s -> J/^/ (980); / (980) -»• tt+tt-) 

= (I.16±g;g (stat)^ (syst)l^ (iV B;5; )) * 10" 



(6) 



with a significance of 8. 4a. Using the branching ratio Br(/ (980) — > tt + tt ) = 0.45 1_9(, one 
can obtain 

Br(5 s J/V»/ (980)) = (2.58 ± 0.82) x 10" 4 . (7) 
The effective Hamiltonian describing the transition b — > ccs is given as 

10 



23] 



H 



G, 



eff 



V2 



(8) 



i=l,2 i=3 

where Cj(/x)'s are the Wilson coefficients evaluated at the renormalization scale /x, O12 
are the tree level current-current operators, 03_6 are the QCD and O7-10 are electroweak 
penguin operators. 

Here we will use the QCD factorization approach to evaluate the hadronic matrix el- 
ements as discussed in [24|. The matrix elements describing B x — > fo transitions can be 
parameterized in terms of the form factors Fo(q 2 ) and F\{q 2 ) [25] as 



(f (p')\sY^b\B s (p)} = -i\F l (q 



1 2 
m n — mi 

(p+pT- \, V 



q- 



+ F (q 



, m o — m 2 f 

2\ -t>s 70 „n 



Q 



(fo(p')\sa^ 5 q»b\B s (p)) 



F T (q 2 



[q 2 (p + p'T - (m 2 Bs - vi 



IX] 



m Bs + m fo 

where q = p — p' . Using the decay constant of J /if} meson as 

(J/iP(q,e)\cYc\0) = Um^ , 

one can obtain the transition amplitude for the process 

G r 

Amp(B s ->■ J/if>fo) = i^cos9f^m^F 1 (m 2 b )2(e-p) X c a 2 - A t (a 3 + a 5 + a 7 + a 9 ) 

a/2 l 
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(9) 



(10) 



(11) 



where \ q = V q bV*. The parameters Oj's are related to the Wilson coefficients Cj's and the 



241 ] . Since A n is negligibly small one can 



corresponding expressions can be found in Ref. 
replace X t by — A c using unitarity relation X u + A c + \ t = 0. Thus we obtain the decay width 
as 



r= ^ G 2 cos 2 0/ 2 F 2 (g2) | Ac(a2 + a3 + a5 + a7 + a9) |2 (12) 



For numerical analysis, we use the particle masses, lifetimes and the values of the CKM 



matrix elements from 
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and = (0.416 ±0.006) 



. The decay constants used are (in GeV) fg 3 = (0.259 ± 0.032) 



24j. The values of the Wilson coefficients are taken from 24|. We 



use the values of the form factors evaluated in the LCSR approach 



as 



Fliq2) ' (13) 

with (i = (1,0, T). The parameters Fj(0)'s, a^s and b^s are given in Table-1. 

It should be noted that the hard scattering contributions depend on the fo meson decay 
constant. However, it is well known that the decay constant of fo (which is a neutral 
scalar meson), ff defined as (Ol^T^il/oG )) — ffoP* 1 vanishes due to charge conjugation 
invariance. Therefore, the distribution amplitude for the fo meson is normalized to the 
scalar decay constant ff 0, Q defined as 

m fofh = (Ofel/o)- (14) 

Using the equation of motion, one can obtain a relation between the scalar and vector decay 
constants i.e., between ff and // as 

7/0 = mM-mM fh - (15) 
Since // is nonzero, m/ /(mi(/i) — m 2 (/i)) is finite in the limit mi(/i) — > m2(/i). In our 
analysis we use the value of the scalar decay constant of fo meson as //*(1 GeV)=(0.37±0.02) 
GeV {27]], as only the ss component of /o(980) will give nonzero contribution to the decay 
process. 

In the QCD factorization approach there are large theoretical uncertainties associated 
with the weak annihilation and the chirally enhanced power corrections to the hard scatter- 
ing contributions due to the end point divergences. The hard scattering contributions are 
parameterized as 

X H =(l + p H e^)\n^. (16) 



F t {q 2 = 0) a, t ^ 

F 1 0.185 ±0.029 l-44lg;^ 0.59^05 

F 0.185 ±0.029 0.47^09 0.01±g;g| 

F T 0.228 ±0.036 1.42±g ^ 0.60±g;g| 

TABLE I: Numerical values of the form factors i*i(0) and the parameters a^'s and frj's. 
We use Ah = 0.5GeV and vary the hard scattering parameters within their allowed ranges 



i.e., p H = 1.85 ± 0.07 and <p H = 255.9° ± 24.6° [2J]. Thus, with these values we obtain the 
branching ratio for the process to be 

Bi(B 8 ->■ J/tpf ) = (1.97 ± 0.62) x 10~ 4 , (17) 

where the uncertainties are due to the form factors, decay constants and the CKM matrix 
elements and the hard spectator scattering contributions. Our predicted branching ratio is 
slightly lower than the present experimental value with a deviation of nearly 1-er. 

Next we proceed to evaluate the mixing-induced CP asymmetry for the process, which is 
defined as 

c 2ImX tia\ 

where 

q A(B a ^J/M ) 

pA(B s ^J/^f )' 1 ) 

and ?7^/ is the CP parity of the final state ip<p, which is —1. q/p is the B s — B s mixing 
parameter and its value in the SM is given as q/p = exp(— 2i/3 a ). Since the amplitude for 
B s — > J/ipfo is real in the SM, therefore the mixing induced CP asymmetry for this process 
in the SM is expected to be 

SV/o = sin2/3 s , (20) 

same as (modulo a sign) S^. 

Now we will analyze this process in the fourth generation model. In the presence of a 
sequential fourth generation there will be additional contributions due to the t' quark in the 
penguin and box diagrams. Furthermore, due to the additional fourth generation there will 
be mixing between the b' quark the three down-type quarks of the standard model and the 
resulting mixing matrix will become a 4 x 4 matrix {Vckma) and the unitarity condition 
becomes \ u + \ c +\ t + \t> = 0, where \ q = V q bV* The parametrization of this unitary matrix 



ACi 


AC 2 


AC 3 AC 4 


AC 5 


AC 6 


AC 7 


AC 8 


AC 9 AC 10 








0.628 -0.274 


0.042 


-0.206 


0.443 


0.168 


-1.926 0.443 



TABLE II: Values of the Wilson coefficients ACj's (in units of 10 2 ) at nib scale for my 



400 



GeV. 



requires six mixing angles and three phases. The existence of the two extra phases provides 
the possibility of extra source of CP violation. It is also found that SM4 also contributes 
significantly to A b decays [28 



In the presence of fourth generation there will be additional contribution both to the 
B s — > J/ipfo decay amplitude as well as to the B s — B s mixing phenomenon. Since in the 
SM, B s — > J/ipfo decay amplitude receives dominant contribution from color suppressed 
tree diagram, new physics contribution to its amplitude is negligible as it is induced at the 
one-loop level. Therefore, there will be no significant change in its branching ratio in SM4. 
However, for completeness we would like to present the result here. 

Thus, including the fourth generation and replacing X t ~ — (A c + \ t >), the modified 
Hamiltonian becomes 

„ r 10 10 



G p 

TIL 

G p 
V2 



Ac(CiO a + C 2 2 ) -X t J2 <3A - A *' E C t°i 

i=3 i=3 
10 \ 10 

;\ I c 1 o 1 + c 2 o 2 + c i°i - V ACi0 



(21) 



i=3 / i=3 

where ACj's are the effective (t subtracted) t' contribution. 

To find the new contribution due to the fourth generation effect, first we have to evaluate 
the new Wilson coefficients Cj . The values of these coefficients at the M\y scale can be 
obtained from the corresponding contribution from t quark by replacing the mass of t quark 
by t' mass in the Inami Lim functions 29(. These values can then be evolved to the nib scale 
using the renormalization group equation jsoj. Thus, the obtained values of ACi=i-io(mb) 
for a representative m t i = 400 GeV presented in Table-II. 

Thus one can obtain the transition amplitude in SM4, using the QCD factorization ap- 
proach as in {24] ] 

. G p 



Amp(B s J/ipfo 



1 —= cos 6f^m l( ,F 1 (m^ ) 2 (e • p) 
a/2 



X t '(a 3 + a' 5 + a' 7 + a' Q ) 



X c (a 2 + a 3 + a 5 + a 7 + a 9 ) 



(22) 



S 



where a- are related to ACVs analogous to a^s are to CVs. 
The above amplitude can be symbolically written as 

Amp = X C A C - X t 'A t f, (23) 

where Aj's contain the weak phase information and Aj's are associated with strong phases. 
One can explicitly separate the strong and weak phases and write the amplitude as 



Amp = X C A C 



1 — rae 



i(8+<f>„) 



(24) 



where a = |Af/A c |, 4> s is the weak phase of \ t >, r = \A t >/A c \ and 5 is the relative strong 
phase between A v and A c . Thus, the CP averaged branching ratio is found to be 

Bt(B s -> J/^/ (980)) = Br 5M (l + r 2 a 2 - 2racos5cos0 s ). (25) 

For numerical evaluation using the values of the new Wilson coefficients as presented in 
Table-II, we obtain r f» 2.4 x 10~ 2 and 5 ~ —61.5°. For the new CKM elements A t /, we 
use the allowed range of |Af| = (0.08 — 1.4) x 10~ 2 and (f) s = (0 — > 80)° for a representative 
m t i = 400 GeV, extracted using the available observables mediated through b — > s transitions 
8J. We find that in the presence of a fourth generation, the branching ratio becomes 

Bt(B s J/^/ (980)) = (1.4 - 2.6) x 10~ 4 . (26) 

Thus, one can see that the new physics contribution to the decay amplitude is almost 
negligible. 

Now we consider the new physics contribution to the B s — B s mixing amplitude following 



311 ] . In order to estimate the NP contribution to the B s — B s mixing, we parameterize the 



dispersive part of B s — B s mixing amplitude as 

M 12 = |M 12 |e^ fl * = Mf 2 M + M^ p = M™C B / 2e ° . (27) 

In the SM, M 12 receives dominant contribution due to the top quark exchange in the box 
diagram and is given as 

m sm = ^LM Bs B B J%\l th S (x t ), (28) 



where x t = m 2 /M^ and 



„ , s 4x — llx 2 + x 3 3 i 3 lni . , 

s <>^ = ^<r^ — 2 (l^F ' (29) 



In the presence of fourth generation, there will be additional contributions due to t' exchange 



in the loop and the mixing amplitude is given as 



32] 



M- 



12 



G 2 F M 2 W 

127T 2 



M Bs B B J 2 Bs 



where 



S (x,y) = xy 
+ 



\ 2 r) t S (x t ) + \ 2 t ,r]t'SQ(x t ') + 2r}tt>\At>S (xt,x t > 



\ny 



(30) 



4 2(l-y) 4(l-3/)a 



(y-x) 



1 3 1 

+ 



and T} % < = a s {m t ] 



4 ' 2(1 -x) 4(1 -x) 2 

6 ZO £ (T7v)n 6 /a £ (T7y)\ 6 



lnx 



(31) 



a s (tni) 7 v a s ("V) / 

bution to the _B S — B s mixing amplitude as 



(x-y) 4(l-x)(l-y) 
f]u'- Now parameterizing the new physics contri 



M 12 = Mf 2 M (x t ) + M 12 {x t .) + M 12 (x t , x t .) = Mf 2 M C Bs e 
one can obtain the B s — B s mixing phase from ( |27l) as 

0B S = Ws + 20s ■ 

where the new contribution due to SM4 is given as 

-b psin(0 s - (3 S ) + b 2 gsin(20 s - 2(3 S 



29 s = arctan 
with b = | /A t | and 

P 



1 - b pcos((f) s -f3 s ) + b 2 gcos(20 s - 2\f3 s \) 
2r)t>Sa(xt,x t >) Vt'S {xt>) 



q 



(32) 



(33) 



(34) 



(35) 



r)tS (xt) ' VtSo(xt) 

Thus, we obtain the mixing induced CP asymmetry in the presence of fourth generation as 

sin(2fl s + 2p a ) + 2ar cos 5 sin(0 s - 20 s - 2f3 s ) - (ar) 2 sin(20 s - 2Q S - 2/3 s ) 



S 



■ (36) 



1 + (ar) 2 — 2ar cos S cos (j) s 
Now varying X' t between (0.08 — 1.4) x 10~ 2 and <p s between (0 — 80)°, we show the mixing 
induced CP asymmetry parameter S^f in Figure-1. From the figure it can be seen that 
large CP violation could be possible for this decay mode in the fourth generation model. 



III. B s / Q (980)Z+r AND B s -> fovv 

Now we will discuss the semileptonic decay processes B s — > / (980)/ + /~ and B s — > 
fo(980)b>v. These processes are studied in Ref. 25] in the SM and the branching ratios 
are found to C(10~ 8 ) and O(10~ 7 ) respectively. 
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FIG. 1: The mixing-induced CP asymmetry in Bd — > J/ipfo(980) process (S^,f ) versus |Af|. 



The decay process B s — > / (980) l + l is described by the quark level transition b — > sl + l 
The effective Hamiltonian describing these processes can be given as 30 j 



H, 



eff 



V2n 



V tb V* C e 9 ff (s lfl Lb)(iri) 



+ C 10 (s^Lb)(h» l5 l) -2Cfm h {sia^Rb){l 1 n) 



q- 



(37) 



where q is the momentum transferred to the lepton pair, given as q = p_ +p+, with p_ and 
p + are the momenta of the leptons l~ and l + respectively. L,R = (1 ± 7s)/2 and Cj's are 
the Wilson coefficients evaluated at the b quark mass scale. The values of these coefficients 
in NLL order are C 7 e// = -0.31 , C 9 = 4.154 , C 10 = -4.261 [33]. 

The coefficient Cg^ has a perturbative part and a resonance part which comes from the 
long distance effects due to the conversion of the real cc into the lepton pair . Therefore, 
one can write it as 

Cf = C 9 + Y(s) + C; es , (38) 

where s = q 2 and the function Y(s) denotes the perturbative part coming from one loop 
matrix elements of the four quark operators and is given by 30] 

1 



Y(s) = g(m c , S )(3d + C 2 + 3C 3 + C 4 + 3C 5 + C 6 ) - -g(0, s)(C 3 + 3C 4 ) 
- ~<?(m 6 , s)(4C 3 + 4C 4 + 3C 5 + C 6 ) + ^(3C 3 + C 4 + 3C 5 + C 6 ) , 



(39) 
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where 



~ Hmi/mf e ) + A + tin - 2 -{2 + W ) VP" 



x e(i-^) 



In 



1 + v/T^ 



1- 



/7T 



+ 0(?/j — 1)2 arctan 



(40) 



with ?/j = 4m 2 /s. The values of the coefficients CVs in NLL order are taken from 33]. 



The long distance resonance effect is given as 
3tt 



°9 



a" 



-(3d + C 2 + 3C 3 + C 4 + 3C 5 + C 6 



m v T(V- -> /+/-) 
2 : F~ • ( 41 ) 



V;=0(1S),-,^(6S) 

The phenomenological parameter k is taken to be 2.3, so as to reproduce the correct branch- 
ing ratio of Br(B -> J/ipK*l + l-) = Br(B -> J/if;K*)Bv(J/^ -> Z+J"). 

The matrix elements of the various hadronic currents in (13"TD between initial S s and the 

brm factors as defined in 



final /o(980) meson, which are parameterized in terms of various 
Eq. dHJ). Thus, one can obtain the decay rate for B s — > fol + l~ as 



25| 



dT(B s -» / Z+Z _ ) G 2 F a 2 cos 2 #|A t | 2 



512m^ s 7r 5 



+A(s - 4mf)F 2 (q 2 ) + X(s + 2m 



3s 

C.F^q 2 ) + 



Cio| 2 



6mf(ml -m 2 fo ) 2 F 2 {q 



, 2C^ // (m b -m s ) J P r (g 2 ) 



(42) 



where A = A(m 2 3s , m 2 o , s) = (wi 2 ^ -^_s 
masses and CKM elements from 



2 \2 



4sm 2 Q , f j = a/1 — 4m 2 / s. Using the particle 
261 ]. the form factors from Eq. (fl3|) . a = 1/129, we show 
the variation of the differential decay distribution in the SM with respect to the dilepton 
mass for B s — > / (980) n + pT in Figure-2. 

Integrating the differential branching ratio between 4mf < s < {ms s — mf ) 2 , the total 
branching ratios for B s — > fol + l~ in the SM are found to be (where we have not taken into 
account the contributions coming from charmonium-like resonances) 



Bi{B s -> / (980)//V 
Bi(B s ->• / (980)r+r- 



(8.8 ± 1.97) x 1(T 8 
(8.9 ±2.0) x 10" 9 . 



(43) 



These results are in agreement with predictions of Ref. 25[]. Since these values are within the 
reach of LHCb experiment, there is a possibility that these decay modes could be observed 



soon. 
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FIG. 2: The differential branching ratio (in units of 10 8 GeV 2 ) versus s for the process B s — > 
/b(980)/i + ^~ in the standard model. 

In the presence of fourth generation, the Wilson coefficients C7 9 io will be modified due 
to the new contributions arising from the virtual t' quark in the loop. Thus, these modified 
coefficients can be represented as 

At 



cSf(A*) = CM + y-cm. 



(44) 



The new coefficients C 7 9 10 can be calculated at the Mw scale by replacing the t-quark 
mass by m[ in the loop functions. These coefficients then to be evolved to the b scale using 
the renormalization group equation as discussed in 



30[. The values of the new Wilson 
coefficients at the scale for m t > = 400 GeV is given by C 7 (ra&) = —0.355, C' Q (mb) = 5.831 
and C' w = -17.358. 

Thus, one can obtain the differential branching ratio in SM4 by replacing 67,9,10 111 Eqs 
( 142]) by Cy°9 10 . Varying the values of the \X' t \ and (j) s for m t i = 400 GeV in their correspond- 
ing allowed ranges, the differential branching ratio for B s — > / (980) / u + / u _ is presented in 
Figure-3, where we have not considered the contributions from intermediate charmonium 
resonances. From the figure it can be seen that the differential branching ratio of this 
mode is significantly enhanced from its corresponding SM value. Similarly for the process 
B s — > /o(980)t + t~ as seen from Figure-4, the branching ratio significantly enhanced from 
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its SM value. 




FIG. 3: The differential branching ratio versus \X' t \ for the process B s — > /o(980)/i + /x (red region) 
whereas the corresponding SM value is shown by the blue region. 




FIG. 4: Same as figure-3 for the process B s — > /o(980)r + r . 



Next, we will discuss the decay mode B s — > / (980)^z/. Rare K and B decays involving 
a vv pair in the final state belong to the theoretically cleanest decays in the field of flavor 
changing neutral current processes. Over the last twenty years, extensive analyses of the 
decays K — > ttuu have been performed in the literature and several events have already been 



observed 35[. However, neither the inclusive nor the exclusive b — > svv decay modes have 
been observed in experiments so far. With the advent of super B facilities, the prospect of 
measuring these branching ratios seems to be not fully unrealistic and it seems appropriate 
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to have a closer look at these decays. 

The effective Hamiltonian for b — > svv transition is generally given as 



3Q| 



Hp 



G F aV tb V* 



eff v^27rsin 2 ^ 
with the operator Ol is given as 



T] X X(x t )0 L 



(45) 



L = (s lfi (l- l5 )b)(i?^{l- l5 )u) 



and 



X(x) 



x 



2 + x 3x — 6 

+ 7TTT lnX 



(46) 



(47) 



^x — 1 (x — l) 2 
while 7]x ~ 1- 

Using the form factors as defined in Eq. one can obtain the differential decay width 
to be 

where 



C, 



° F - Vx X(x t ) . 



(49) 



JL y/2 2tt sin 2 6 W 

Using the values of form factors as given in Eq. f fT3|) . m t = 170 GeV, = 80.4 GeV, the 
total branching ratio in the SM is found to be 

Bt(B s f Q vv) = (3.81 ± 0.85) x 10~ 7 , (50) 

which is slightly lower than the prediction of Ref. [25 ] . 

In the SM4 model, the decay width can be obtained from Eq. ( |48l) by replacing Cl with 
Cl which is given as 



C L = C L 1 + 



\f X (x t > 



\t X (xt) J ■ (51) 
Now varying A# between 0.0008 < \X' t \ < 0.0014 and <p s between (0 — 80)° we have shown 

in Figure -5 the differential branching ratio for B s — > / (980)z/z/. Form the figure it can be 

seen that the branching ratio is significantly enhanced from its standard model value. 



IV. CONCLUSION 



In this paper we have studied some decays of the B s meson involving the scalar meson 
/o(980) in the final state in the fourth quark generation model. This model is a very simple 
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FIG. 5: Same as figure-3 for the process B s — > fo(980)vv. 

extension of the SM with three generations and it can easily accommodate the observed 
anomalies in the B and B s CP violation parameters for m t i in the range of (400-600) GeV. 
We assumed the fo structure to be dominated by (ss) quark composition. We found that in 
the fourth generation model the branching ratio for the nonleptic decay B s — > J /ipf o(980) 
remains unaffected whereas the mixing-induced CP asymmetry of this mode could be sig- 
nificantly enhanced from its SM value. For the semileptonic decays B s — > fo(980)l + l~ and 
B s — > /o(980)^z/, the branching ratios could also be increased significantly from their stan- 
dard model predictions. These branching ratios are within the reach of LHCb experiments. 
Hence, the observation of these modes will provide us an indirect evidence for new physics, 
such as the presence of an extra generation of quarks or else will support the ss composition 
of /o(980) scalar meson. 
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